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The Africa Research In Sustainable Intensification for the Next Generation (Africa RISING) 
program comprises three research-in-development projects supported by the United States 
Agency for International Development (USAID) as part of the U.S. Government’s Feed the 
Future initiative.  
 
Through action research and development partnerships, Africa RISING is creating 
opportunities for smallholder farm households to move out of hunger and poverty through 
sustainably intensified farming systems that improve food, nutrition, and income security, 
particularly for women and children, and conserve or enhance the natural resource base. 
 
The three regional projects are led by the International Institute of Tropical Agriculture (in 
West Africa and East and Southern Africa) and the International Livestock Research Institute 
(in the Ethiopian Highlands). The International Food Policy Research Institute leads the 
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The Africa RISING project Global Climate Change Mitigation (Zambia) has been operating 
under the title of Sustainable Intensification, Landscapes, and Livelihoods (SILL). The 
objective was to examine evidence of linkages between the adoption of sustainable 
intensification practices (such as conservation agriculture and agroforestry) and landscape-
level environmental objectives in terms of climate change mitigation, forest protection, and 
wildlife conservation. The focus of the project was on the drivers of deforestation in Zambia. 
Progress and achievements during the reporting period involved the following: 
i. Conducting a review of literature on agricultural-environmental linkages and an 
inventory of relevant datasets in Zambia (April 2014 – March 2015) 
ii. Organizing introductory workshops with partners and stakeholders in Mfuwe and 
Lusaka (May 2014) 
iii. Developing a national-level model of system dynamics that represents the linkages 
between on-farm decisions about agricultural practices and landscape-level impacts 
on forests and biodiversity (June – July 2014) 
iv. Organizing a participatory workshop on modeling system dynamics in Chisamba to 
validate the national-level model (August 2014) 
v. Developing two provincial-level models of the drivers of deforestation for Eastern 
Province and Lusaka Province (September – December 2014) 
vi. Meeting with individual partners and stakeholders in both provinces to validate the 
provincial-level models (January 2015) 
vii. Organizing a final workshop with partners and stakeholders in Lusaka (June 2015) 
viii. Submitting the project report to USAID (August 2015) 
ix. Extending the contract for new deliverables and additional outreach and 
dissemination with additional funds provided by USAID/Zambia (August 2016; May 
2017) 
x. Delivering numerous presentations at USAID/Zambia, USAID/Washington, IFPRI, and 
at several webinars, academic conferences, and other professional settings (March 
2016 – June 2017) 
xi. Conducting spatial analysis of optimal conditions for sustainable intensification in 
Zambia (November 2016 – May 2017) 
xii. Updating the system dynamics model with baseline data from the Integrated Land 
Use Assessment II report (ILUA II), which was released in 2017 (August 2017 – March 
2018) 
xiii. Presenting the results of the project at a workshop in Lusaka on energy security, and 
holding related discussions with village headmen in Eastern Province (June 2018) 
xiv. Delivering numerous presentations of the revised model (updated with new 

















Implemented work and achievements 
*Please refer to the program document for activity headings 
Research output 1 (RO1): Situation analysis and program-wide 
synthesis 
Literature review and inventory of data 
Implemented work: The project team conducted a review of literature on agricultural-
environmental linkages and an inventory of relevant datasets in Zambia. For purposes of this 
project the linkages of interest were the impacts of interventions for sustainable 
intensification, climate change mitigation, and biodiversity conservation. 
 
Achievements: The project team developed a shareable bibliographic library that includes 
literature on topics such as agroforestry, biodiversity conservation, climate change 
mitigation, conservation agriculture, deforestation, food security, gender, livelihoods, 
sustainable intensification, and wildlife. 
Introduction to partners and stakeholders 
Implemented work: The project team held introductory meetings with various partner and 
stakeholder organizations in Mfuwe and Lusaka (May 2014). The purpose was to introduce 
the project’s objectives to participants and develop causal loop diagrams representing the 
assumptions about agricultural-environmental linkages. 
 
Achievements: Approximately 40 participants from partner and stakeholder organizations 
attended the two introductory meetings. Partners and stakeholders were scientists from 
CIFOR, World Agroforestry Centre (ICRAF), International Institute of Tropical Agriculture 
(IITA), BioCarbon Partners, Community Markets for Conservation (COMACO), Indaba 
Agricultural Policy and Research Institute (IAPRI), and World Wide Fund for Nature (WWF). 
Also present were representatives from USAID/Zambia, USAID/Bureau for Africa, 
USAID/Bureau of Economic Growth, Education, and the Environment (E3), USAID/Bureau of 
Food Security, and USAID Tenure and Global Climate Change (TGCC) program. Those 
introductions allowed communication about data in the subsequent months; this was 
important for the development of the system dynamics model. 
Research output 2 (RO2): Integrated Systems Improvement 
Development of national-level system dynamics model 
Implemented work: The project team developed a national-level model of system dynamics 
based on the causal loop diagrams. Parameters and variables from published literature and 
existing datasets formed the basis of the model which was developed to examine the drivers 
of deforestation in Zambia. 
 
Achievements: The initial model was developed using the causal loop diagrams that were 
generated by representations from partner and stakeholder organizations in May 2014, 









Implemented work: The project team held a participatory workshop on system dynamics 
modeling in Chisamba (13-14 August 2014) with the aforementioned partners and 
stakeholders to introduce the model and get feedback from participants on its structure, 
assumptions, and sources of data. The model was used to examine the drivers of 
deforestation in Zambia. 
 
Achievements: The assumptions and structure that underlie the initial model were discussed 
in a participatory workshop on modeling system dynamics in August 2014. Approximately 40 
participants from partner and stakeholder organizations were at the workshop, including 
many of the organizations listed in the activity on the introduction to partners and 
stakeholders. 
Development of two provincial-level models 
Implemented work: The project team developed two provincial-level models for system 
dynamics covering Eastern Province and Lusaka Province and based on the structure of the 
national-level model. Parameters and variables from published literature and existing 
datasets formed the basis of the models used to examine the drivers of deforestation in 
Zambia. 
 
Achievements: The models were developed using provincial-level baseline data along with 
parameters and variables from published literature and existing datasets. 
Update provincial-level SILL system dynamics model with data from the 
Integrated Land Use Assessment (ILUA II) report. 
Implemented work: The project contract was extended in August 2016 to generate new 
deliverables including revision of the provincial-level models with baseline data from the 
ILUA II report. The project report from the SILL project (August 2015) was based on a model 
with baseline data from the ILUA I report from 2008; the objectives of the ILUA II initiative 
were to update the categories of land use classification used in the assessment. The ILUA II 
report by the Government of Zambia was delayed for many months but released in 
December 2016. The project team finally obtained the report in February 2017. The data 
required significant revision to the structure and parameters in the model, including a 
change in the geographic size and population of Eastern Province. Since the publication of 
the ILUA I report (2008), the President of Zambia had announced the creation of a new 
province—Muchinga Province—in part through a change in the designation of one district in 
Eastern Province. The data in the ILUA II report (2016) were reflected the new province, so 
parameters for the model for Eastern Province needed to be changed to reflect the new size 
and population of the Province. In addition, there were significant changes in the 
classifications of land use that required reconciliation, including the elimination of some that 
were in the 2008 report, as well as the addition of new categories. This required that the 
structure of both provincial-level models be completely redesigned to reflect the new land 
use classifications and their values in hectares. The project team had several teleconference 
meetings with the leadership in the Forestry Department of the Government of Zambia to 
clarify the discrepancies; this led to lengthy delays in completing the project deliverable. 
These delays were the primary rationale for the extension of the contract for the project in 
May 2017. 
 
Achievements: The discrepancies between the two datasets have now been clarified, and 
the project team has revised the structure, land use classifications, and parameter values for 





ILUA II report. The revised provincial-level models now involve a baseline of 2015 (instead of 
2010 as in the report of the SILL project). The 50-year scenarios in the model now reflect a 
simulation period from 2015 to 2065, instead of from 2010 to 2060, as in the SILL project 
report. 
Research output 3 (RO3): Scaling and delivery 
Provided training on use of provincial-level system dynamics models 
Implemented work: After the conference with partners the project team provided training 
on the use of the two provincial-level models of system dynamics to about 10 participants 
on 16 June 2015. 
 
C.3.1.2 Achievements: About 10 staff members from partner organizations participated in 
training on the use of the two provincial-level models of system dynamics that were 
developed as part of this project. Participants downloaded a free version of Vensim®, the 
modeling software that was used to build the models and learned how to manipulate the 
parameters to run hypothetical scenarios to examine modeled outcomes. 
Organized a workshop in Lusaka on energy security and livelihoods  
Implemented work: Members of the project team participated in a workshop on 26 to 28 
June 2018 involving SILL project partners and stakeholders, as well as Faculty members from 
the University of Zambia and Lilongwe University of Agriculture and Natural Resources 
(Malawi). The workshop was supported by funds from a new grant entitled Energy Security 
and Sustainable Livelihoods for Southern Africa from the MSU Alliance for African 
Partnership. The objectives of the project were to analyze the charcoal value chain in Malawi 
and Zambia and examine household decision-making and tradeoffs among different sources 
of energy and types of cookstoves. 
 
Achievements: Members of the project team secured additional funds from a grant entitled 
Energy Security and Sustainable Livelihoods for Southern Africa from the MSU Alliance for 
African Partnership. The new project involves a new partnership that includes partners and 
stakeholders from the SILL project, as well as Faculty members from the University of 
Zambia and Lilongwe University of Agriculture and Natural Resources (Malawi). The focus of 
the new project was inspired by the findings of the SILL project and the partnership that was 
created during the participatory modeling workshops from this project. The new project 
partnership conducted household surveys in Lusaka (Zambia) and Lilongwe (Malawi) related 
to household energy choices, sources of energy, and uses of energy sources for particular 
cooking activities. The results of the survey analysis have provided knowledge regarding 
household energy choices in urban regions of southern Africa. This was a gap in knowledge 
that had been identified in the SILL project. These additional achievements were made 
possible in part by the activities of the SILL project. 
 
C.3.3. Activity: Held discussion with village headmen in Eastern Province 
Implemented work: The findings of the project were presented to a group of village 
headmen and headwomen in Eastern Province, 29 June 2018. This was in response to a 
request from this group when members of the project team met with them in focus group 
discussions in July 2017. Community leaders expressed their frustration that they are never 
provided with the opportunity to learn about the results of research although researchers 
regularly ask to meet with them. When asked if we would share the results of this project, 






Achievements: The findings of the project were presented to a group of village headmen and 
headwomen in Eastern Province, 29 June 2018. The presentation provided feedback to 
village leaders who participated in previous research activities; the discussion also helped to 
build trust between researchers and communities. 
Research output 4 (RO4): Monitoring and Evaluation 
















































The project team developed a national-level model of system dynamics on the drivers of 
deforestation in Zambia using Vensim®, a modeling software program. The project team 
used the structure of the national-level model to develop two provincial-level models of 
these drivers of deforestation.  
Technologies transferred 
About 10 participants from partner organizations were briefed on the use of the provincial-
level models of system dynamics after the conference with partners in Lusaka (16 June 
2015). Participants included staff from USAID, COMACO, and Center for International 
Forestry Research (CIFOR). 
Meetings and presentations 
The project team delivered several presentations on the objectives, methods, and results of 
the project to several audiences, as follows: 
• The project team delivered presentations of the output from the national-level 
model to staff of the economic growth team at USAID/Zambia in Lusaka, 15 August 
2014. 
• The project team delivered presentations of the output from the national-level 
model to staff of the USAID Bureau for Africa, Bureau of E3, and Bureau of Food 
Security in Washington, DC, 18 September 2014. 
• L. Schmitt Olabisi delivered a presentation related to the project at the International 
Conference on Integrated Systems Research for Sustainable Intensification in 
Smallholder Agriculture in Ibadan, Nigeria, 3-7 March 2015. The title was “Modeling 
the Impact of Sustainable Intensification on Landscapes and Livelihoods using 
System Dynamics”. 
• The project team (Richardson et al., 2015) delivered a presentation on the project 
results at a conference with partners on Improving Integration among Agriculture, 
Forestry, and Land Tenure in Lusaka, Zambia, USAID/Zambia, 15 June 2015. The title 
was “System Dynamics: SILL Model Methodology and Results”. 
• R. Richardson and L. Schmitt Olabisi delivered a presentation on the project results 
at the joint meeting of the Canadian and United States Societies for Ecological 
Economics in Vancouver, BC, 2 October 2015. The title was “Searching for 
Sustainable Intensification of Agriculture: Implications for Landscapes and 
Livelihoods”. 
• R. Richardson delivered a presentation on the project results at a USAID Global 
Learning and Evidence Exchange event on climate-smart agriculture in Lusaka, 
Zambia, 15 March 2016. The title was “Examining Assumptions about Climate-smart 
Agriculture with Participatory Modeling: Field-scale Practices to Landscape-level 
Impacts”. 
• R. Richardson and L. Schmitt Olabisi delivered a presentation and webinar on the 
project results at IFPRI in Washington, DC, 21 April 2016. The title was “Connecting 
the Dots with Data: Participatory Systems Modeling of Landscape-scale Impacts of 
Sustainable Intensification in Zambia”. 
• R. Richardson and L. Schmitt Olabisi delivered a presentation at a meeting of the 
Biodiversity Working Group at USAID on 21 April 2016. The title was “Connecting the 
Dots with Data: Participatory Systems Modeling of Landscape-scale Impacts of 





• R. Richardson and L. Schmitt Olabisi made a presentation on the project results at 
the Innovations in Collaborative Modeling Conference, held at Michigan State 
University, 14 June 2016. The title was “Using Participatory System Dynamics 
Modeling of Agricultural-Environmental Systems in a Rural Development Context”. 
• R. Richardson delivered a presentation as part of an Agrilinks webinar (with Jerry 
Glover and Harry Ngoma) organized by USAID/Feed the Future, 16 June 2016. The 
title was “A Tool for Prioritizing Climate-Smart Agriculture Investments”. 
• R. Richardson and L. Schmitt Olabisi delivered a poster presentation on the project 
results at the biennial meeting of the United States Society for Ecological Economics 
in Saint Paul, MN, 26 June 2017. The title was “Modeling the Impact of Sustainable 
Intensification on Landscapes and Livelihoods in Zambia”. 
• R. Richardson delivered an invited presentation on the project results at Institute for 
African Development Seminar Series, Cornell University, Ithaca, New York, 6 
September 2018. The title was “Energy Security and Sustainable Livelihoods for 
Southern Africa”. 
• R. Richardson delivered an invited presentation on the project results at the Fourth 
Annual FLARE Network Meeting, Forests and Livelihoods: Assessment, Research, and 
Engagement (FLARE) Network in Copenhagen, Denmark, 17 October 2018. The title 
was “Energy Security and Sustainable Livelihoods for Southern Africa.” The 
presentation was part of a panel session on charcoal. 
Reports and publications 
The following project reports were submitted to USAID: 
• Richardson, R.B., L. Schmitt Olabisi, K.B. Waldman, and N. Sakana. (2015). Impact of 
Sustainable Intensification on Landscapes and Livelihoods. Produced by Michigan 
State University; published by IITA. 
• Peter, B.G., J.P. Messina, and R.B. Richardson. (2017). Impact of Sustainable 
Intensification on Landscapes and Livelihoods. Addendum A: Spatial analysis of 
optimal conditions for sustainable intensification in Zambia. Produced by Michigan 
State University; published by IITA. 
• Brugnone, N., L. Schmitt Olabisi, and R.B. Richardson. (2018). Impact of Sustainable 
Intensification on Landscapes and Livelihoods. Addendum B: Updated Provincial-
Level Deforestation Models. Produced by Michigan State University; published by 
IITA. 
 
The project team has one forthcoming manuscript that has been accepted for publication in 
an edited volume: 
• Richardson, R.B., L. Schmitt Olabisi, K B. Waldman, and N. Sakana. 2019. Using 
participatory system dynamics modeling of agricultural-environmental systems in a 
developing country context. Forthcoming in: Innovations in Collaborative Modeling, 
edited by M. McNall, published by Michigan State University Press. 
 
The project team has one draft manuscript in preparation for submission to a journal: 
• Richardson, R.B., L. Schmitt Olabisi, K.B. Waldman, N. Sakana, and N. Brugnone. 
2018. Modeling the landscape-level implications of farm-level sustainable 









Capacity building  
The project team provided training to around 10 participants from partner organizations on 
the use of the models of system dynamics after the conference with partners in Lusaka (16 


















































Problems, challenges and measures taken 
The release of the ILUA II report by the Government of Zambia was delayed for many 
months but the project team finally obtained it in late 2017. There were significant changes 
in the classifications of land use that required reconciliation in the revision of the model as 
well as considerable challenges associated with resolving the discrepancies between the two 
datasets. The project team had several teleconferences with the leadership in the Forestry 
Department of the Government of Zambia to clarify the discrepancies. Despite these 
challenges, the project team successfully revised and re-parameterized the model to reflect 





































































































Understanding the linkages between on-farm decisions about sustainable intensification 
technologies and landscape-level impacts on the environment is a complex process. The 
project emphasis on participatory modeling has highlighted the importance of stakeholder 
engagement. The process of modeling system dynamics has challenged conventional 
assumptions about the drivers of deforestation and highlighted the important contributions 
to deforestation from population growth, urbanization, and a dependence on fuelwood for 















































Tables and graphs in support of achievements, 
results 
The project team concluded that there is no evidence of linkages between the adoption of 
practices for sustainable intensification and a slower rate of deforestation. Although land 
clearing for agriculture is currently the dominant driver of deforestation at the national 
level, simulations of the model demonstrate that the role of charcoal is projected to increase 
exponentially over the 50-year simulation period (see Figure 1 for simulations of national 
deforestation of Miombo woodlands). Wood from tree species in Miombo woodlands is 
known to be preferred for charcoal production. Use of fuelwood is projected to increase 
slowly as a driver of deforestation during the simulation period. Wood from Miombo 
woodlands is not used for construction which remains at zero throughout the simulation 
period. (The construction sector primarily uses wood from deciduous and evergreen forests; 
this was included in the SILL project; simulations of their drivers of deforestation were 
reported in the project report, 2015.) Commercial timber use is projected to remain 
relatively flat during the simulation period, primarily because of assumptions of advances in 
technology and input replacement in the model. This leads to a less important role for wood 




Figure 1: National deforestation rates by driver for Miombo woodlands in the baseline 
scenario in Zambia. 
 
In Eastern Province, the simulations demonstrate that, although land clearing for agriculture 
is currently the dominant driver of deforestation in Miombo woodlands, charcoal production 
is projected to overtake agriculture by around 2050 (see Fig. 2). Wood from tree species in 
Miombo woodlands is known to be preferred for charcoal production, and Miombo 
woodlands are a dominant land classification in Eastern Province. Deforestation for 
fuelwood is near zero in the baseline year (2010) and is projected to increase slowly during 
the simulation period. (The baseline value for fuelwood is so low that the minimum value on 
the y-axis is -200; this is a function of the Vensim® software that generates the simulation 
graphs.) Wood from Miombo woodlands is not used for construction, which remains at zero 
throughout the simulation period. Deforestation for commercial uses is minimal in Miombo 







Figure 2: Simulated deforestation rates by driver for Miombo woodlands in the baseline 
scenario in Eastern Province. 
 
By contrast, in Lusaka Province (which is more highly urbanized), the simulations 
demonstrate that charcoal production is already a dominant driver of deforestation in 
Miombo woodlands and is projected to increase exponentially over the 50-year simulation 
period (see Fig. 3). Wood from Miombo woodlands is not used for construction, and 
deforestation for commercial uses is minimal in Miombo woodlands in Lusaka Province; 




Figure 3: Simulated deforestation rates by driver for Miombo woodlands in the baseline 
scenario in Lusaka Province. 
 
These results are in contrast to assumptions commonly held about the role of farming 
practices in slowing down deforestation. High rates of population growth and a growing 







The results of the participatory model for system dynamics demonstrate that agricultural 
expansion currently contributes to forest loss but charcoal production will soon outstrip 
expansion in the future as the primary driver of deforestation. Agricultural expansion is 
driven by rural population growth as opposed to low yields and/or land abandonment. 
Charcoal production is driven by growth in the urban population and energy demand. At the 
provincial level there are different patterns. Charcoal production dominates in Lusaka 
Province throughout the 50-year simulation time, primarily because of growing urban 
demand. In contrast, agricultural expansion dominates in Eastern Province until about 2045, 
at which point charcoal production replaces expansion as the dominant driver of 
deforestation. 
 
The conclusion is that there is no evidence of linkages between the adoption of practices for 
sustainable intensification (such as conservation agriculture and agroforestry) and 
landscape-level environmental objectives in terms of climate change mitigation, forest 
protection, and wildlife conservation. There is theoretical and empirical evidence that 
agriculture can have negative implications on wildlife when promoted in areas where 
human-wildlife conflict is likely. However, the cause is related to encouraging agricultural 
activities in sensitive areas more generally, not specifically to the promotion of sustainable 



































Feed the Future indicators 
Not applicable, as this project did not involve specific interventions targeting the goals of 
Feed the Future. Nearly all of the Feed the Future indicators involve the collection of primary 
data in a national-level, population-based, representative, and random-sample survey of 
households. The model of system dynamics described in this project report was 
parameterized based on data from numerous national-level household surveys, but this 
project did not involve the collection of such data. 
 
 
 
 
 
